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coli, which are usually released into the extracellular 
medium and cause disease by killing or altering the 
metabolism of target eukaryotic cells. The toxins are 
usually composed of one A subunit ?a toxic domain? 
and five B subunits ?a receptor-binding domain?. This 
article overviews the characteristics and mode of 
actions of AB5 toxins including cholera toxin, Shiga-like 
toxin, and subtilase cytotoxin, and highlights a project 
on the novel inhibitors against these bacterial AB5 
toxins.
?????
1? Yahiro K, Tsutsuki H, Ogura K, Nagasawa S, 
Moss J, Noda M. Regulation of Subtilase cytotoxin 
?SubAB?-induced cell death by a PKR-like 
endoplasmic reticulum kinase ?PERK?-dependent 
proteasome pathway in HeLa cells. Infect Immun 
2012; 80: 1803-14.
2? Shimizu T, Tsutsuki H, Matsumoto A, Nakaya 
H, Noda M. The nitric oxide reductase of 
enterohaemorrhagic Escherichia coli plays an 
important role for the survival within macrophage. 
Mol Microbiol 2012; 68: 480-90.
3? Tsutsuki H, Yahiro K, Suzuki K, Suto A, Ogura 
K, Nagasawa S, Ihara H, Shimizu T, Nakajima?
H, Moss J, Noda. M. Subtilase cytotoxin enhances 
Escherichia coli survival in macrophages by 
suppression of nitric oxide production through 
the inhibition of NF-kappaB activation. Infect 
Immun 2012; 80: 3939-51.
4? Bentancor A, Rumi MV, Carbonari C, Gerhardt 
E, Larzabal M, Vilte DA, et al. Profile of Shiga 
toxin-producing Escherichia coli strains isolated 
from dogs and cats and genetic relationships 
with isolates from cattle, meat and humans. Vet 
Microbiol 2012; 156: 336-42.
5? Shimizu T, Ohta Y, Tsutsuki H, Noda M. Con-
struction of a novel bioluminescent reporter 
system for investigating Shiga toxin expression 
of enterohemorrhagic Escherichia coli. Gene 2011; 
478: 1-10.
6? Yahiro K, Satoh M, Morinaga N, Tsutsuki H, 
Ogura K, Nagasawa S, Nomura F, Moss J, Noda 
M. Identification of Subtilase cytotoxin ?SubAB? 
receptors whose signaling, in association with 
SubAB-induced BiP cleavage, is responsible for 
apoptosis in HeLa cells. Infect Immun 2011; 79: 
617-27.
7? Furukawa T, Yahiro K, Tsuji AB, Terasaki Y, 
Morinaga N, Miyazaki M, Fukuda Y, Saga T, 
Moss J, Noda M.  Fatal hemorrhage induced 
by subtilase cytotoxin from Shiga-toxigenic 
Escherichia coli. Microb Pathog 2011; 50: 159-67.
8? Ogura K, Yahiro K, Tsutsuki H, Nagasawa S, 
Yamasaki S, Moss J, Noda M. Characterization of 
cholix toxin-induced apoptosis in hela cells. J Biol 
?????????????????????
????30,31,38,39,42-44,46,48,55,60,63,68,71,82,83?
?ADP-????????33,34,40,41,45,47,49,52-
54,56-58,61,62,64,65??????????????
??????????????????????
??????????????????????
??????????????????????
??2004???????????????13??
??????????????????????
?????????????????????
300?????????????80,000????
??????????????????????
?????2006??????50????????
??????????????????????
?????????????????????
??
????
??????????????????????
???????????????Joel Moss???
?????????  ????????????
??????????????????????
???????????????????????
??????????????????????
???????
?????????
??????????????????  ???
??????????????????  ???
?  ????????  ?????????????
????????????  ?????????
???????????????????????
??????????????????????
??????????  ?????????????
????????????  ?????????
?????  ???????Joel Moss??????
??  ?
SUMMARY
Bacterial AB5 toxins are proteins, produced by 
pathogenic bacteria including of Vibrio cholerae, Shigella 
dysenteriae, and enterohaemorrhagic Escherichia 
91???????????????
derivative of Shiga toxin 2 for cross-protection 
against Shiga toxin types 1 and 2. Vaccine 2008; 26: 
2092-9.
20? Byres E, Paton AW, Paton JC, Lofling JC, Smith 
DF, Wilce MC, et al. Incorporation of a non-
human glycan mediates human susceptibility to a 
bacterial toxin. Nature 2008; 456: 648-52.
21? Wang H, Paton JC, Paton AW. Pathologic 
changes in mice induced by subtilase cytotoxin, 
a potent new Escherichia coli AB5 toxin that 
targets the endoplasmic reticulum. J Infect Dis 
2007; 196: 1093-101.
22? Morinaga N, Yahiro K, Matsuura G, Watanabe 
M, Nomura F, Moss J, Noda M. Two distinct 
cytotoxic activities of subtilase cytotoxin produced 
by shiga-toxigenic Escherichia coli. Infect Immun 
2007; 75: 488-96.
23? Shimizu T, Sato T, Kawakami S, Ohta T, Noda 
M, Hamabata T. Receptor affinity, stability and 
binding mode of Shiga toxins are determinants of 
toxicity. Microb Pathog 2007; 43: 88-95.
24? Shimizu T, Kawakami S, Sato T, Sasaki T, 
Higashide M, Hamabata T, Ohta T, Noda M. The 
serine 31 residue of the B subunit of Shiga toxin 
2 is essential for secretion in enterohemorrhagic 
Escherichia coli. Infect Immun 2007; 75: 2189-200.
25? Yahiro K, Morinaga N, Satoh M, Matsuura G, 
Tomonaga T, Nomura F, Moss J, Noda M. Iden-
tification and characterization of receptors for 
vacuolating activity of subtilase cytotoxin. Mol 
Microbiol 2006; 62: 480-90.
26? Paton AW, Beddoe T, Thorpe CM, Whisstock 
JC, Wilce MC, Rossjohn J, et al. AB5 subtilase 
cytotoxin inactivates the endoplasmic reticulum 
chaperone BiP. Nature 2006; 443: 548-52.
27? Choi O, Yahiro K, Morinaga N, Miyazaki M, Noda 
M. Inhibitory effects of various plant polyphenols 
on the toxicity of Staphylococcal alpha-toxin. 
Microb Pathog 2007; 42: 215-24.
28? Morinaga N, Iwamaru Y, Yahiro K, Tagashira M, 
Moss J, Noda M. Differential activities of plant 
polyphenols on the binding and internalization of 
cholera toxin in vero cells. J Biol Chem 2005; 280: 
23303-9.
29? Yahiro K, Shirasaka D, Tagashira M, Wada A, 
Morinaga N, Kuroda F, Choi O, Inoue M, Aoyama 
N, Ikeda M, Hirayama T, Moss J, Noda M. 
Inhibitory effects of polyphenols on gastric injury 
by Helicobacter pylori VacA toxin. Helicobacter 
2005; 10: 231-9.
30? Murano A, Morinaga N, Iwamaru Y, Yahiro 
K, Tagashira M, Moss J, Tanzawa H, Noda M. 
Acidic conditions enhance bactericidal effects 
of sodium bisulfite on Helicobacter pylori. 
Helicobacter 2005; 10: 132-5.
31? Yahiro K, Wada A, Yamasaki E, Nakayama M, 
Nishi Y, Hisatsune J, Morinaga N, Sap J, Noda M, 
Chem 2011; 286: 37207-15.
9? Morinaga N, Yahiro K, Noda M. Resveratrol, a 
natural polyphenolic compound, inhibits cholera 
toxin-induced cyclic AMP accumulation in Vero 
cells. Toxicon 2010; 56: 29-35.
10? Yahiro K, Morinaga N, Moss J, Noda M.  Subtilase 
cytotoxin induces apoptosis in HeLa cells by 
mitochondrial permeabilization via activation 
of Bax/Bak, independent of C/EBF-homologue 
protein ?CHOP?, Ire1alpha or JNK signaling. 
Microb Pathog 2010; 49: 153-63.
11? Irino K, Vieira MA, Gomes TA, Guth BE, Naves 
ZV, Oliveira MG, et al. Subtilase cytotoxin-
encoding subAB operon found exclusively among 
Shiga toxin-producing Escherichia coli strains. J 
Clin Microbiol. 2010; 48: 988-90.
12? Wu Y, Hinenoya A, Taguchi T, Nagita A, Shima 
K, Tsukamoto T, et al. Distribution of virulence 
genes related to adhesins and toxins in shiga 
toxin-producing Escherichia coli strains isolated 
from healthy cattle and diarrheal patients in 
Japan. J Vet Med Sci 2010; 72: 589-97.
13? Matsuura G, Morinaga N, Yahiro K, Komine 
R, Moss J, Yoshida H, Noda M. Novel subtilase 
cytotoxin produced by Shiga-toxigenic Escherichia 
coli induces apoptosis in vero cells via mitochondrial 
membrane damage. Infect Immun 2009; 77: 2919-24.
14? Yoshino N, Fujihashi K, Hagiwara Y, Kanno H, 
Takahashi K, Kobayashi R, Inaba N, Noda M, 
Sato S. Co-administration of cholera toxin and 
apple polyphenol extract as a novel and safe 
mucosal adjuvant strategy. Vaccine 2009; 27: 
4808-17.
15? Shimizu T, Ohta Y, Noda M. Shiga toxin 2 is 
specifically released from bacterial cells by two 
different mechanisms. Infect Immun 2009; 77: 
2813-23.
16? Smith RD, Willett R, Kudlyk T, Pokrovskaya I, 
Paton AW, Paton JC, Lupashin VV. The COG 
complex, Rab6 and COPI define a novel Golgi 
retrograde trafficking pathway that is exploited 
by SubAB toxin. Traffic 2009; 10: 1502-17.
17? Morinaga N, Yahiro K, Matsuura G, Moss J, 
Noda M. Subtilase cytotoxin, produced by Shiga-
toxigenic Escherichia coli, transiently inhibits 
protein synthesis of Vero cells via degradation 
of BiP and induces cell cycle arrest at G1 by 
downregulation of cyclin D1. Cell Microbiol 2008; 
10: 921-29.
18? Hanashima T, Miyake M, Yahiro K, Iwamaru 
Y, Ando A, Morinaga N, Noda M. Effect of Gb3 
in lipid rafts in resistance to Shiga-like toxin of 
mutant Vero cells. Microb Pathog 2008; 45: 124-
133.
19? Tsuji T, Shimizu T, Sasaki K, Sasaki K, Tsukamoto 
K, Arimitsu H, Ochi S, Shimizu T, Taniguchi K, 
Noda M. A nasal vaccine comprising B-subunit 
92 ???????
42? Iwamaru Y, Miyake M, Arii J, Tanabe Y, Noda M. 
An inhibitory factor for cell-free protein synthesis 
from Salmonella enteritidis exhibits cytopathic 
activity against Chinese hamster ovary cells. 
Microb Pathog 2001; 31: 283-93.
43? Arii J, Tanabe Y, Miyake M, Noda M, Takahashi 
Y, Hishiki H, Kohno Y. Acute encephalopathy 
associated with nontyphoidal salmonellosis. J 
Child Neurol 2001; 16: 539-40.
44? Mori M, Kuwabara S, Miyake M, Noda M, Kuroki 
H, Kanno H, Ogawara K, Hattori T. Haemophilus 
influenzae infection and Guillain-Barre syndrome. 
Brain  2000; 123: 2171-8.
45? Nomura F, Yaguchi M, Togawa A, Miyazaki M, 
Isobe K, Miyake M, Noda M, Nakai T. Enhance-
ment of poly-ademosine diphosphate-ribosylation 
in human hepatocellular carcinoma. J Gastroen-
terol Hepatol 2000; 15: 529-35.
46? Mori M, Kuwabara S, Miyake M, Dezawa M, 
Adachi-Usami E, Kuroki H, Noda M, Hattori T. 
Haemophilus influenzae has a GM1 ganglioside-
like structure and elicits Guillain-Barre syndrome. 
Neurology 1999; 52: 1282-4.
47? Nomura F, Miyake M, Noda M, Itoga S, Nakai T. 
Long-term alcohol effects on hepatic phosphoglu-
comutase activities in relation to posttranslational 
modification of the protein. Alcohol Clin Exp Res 
1998; 22: 121S-124S.
48? Kuwabara S, Yuki N, Koga M, Hattori T, 
Matsuura D, Miyake M, Noda M. IgG anti-GM1 
antibody is associated with reversible conduction 
failure and axonal degeneration in Guillain-Barre 
syndrome. Ann Neurol 1998; 44: 202-8.
49? Suzuki K, Iwasa H, Kikuchi S, Sato T, Miyake 
M, Morinaga N, Noda M. The contribution of 
endogenous mono-ADP-ribosylation to kindling-
induced epileptogenesis. Brain Res 1997; 745: 109-
13.
50? Yamamoto S, Kiyono H, Yamamoto M, Imaoka 
K, Yamamoto M, Fujihashi K, Ginkel FW, Noda 
M, Takeda Y, McGhee JR. A nontoxic mutant 
of cholera toxin elicits Th2-type responses for 
enhanced mucosal immunity. Proc Natl Acad Sci 
USA 1997; 94: 5267-72.
51? Yamaoka J, Yamasaki S, Kurazono H, Imamura S, 
Noda M, Miyake M, Takeda Y. Loss of biological 
activity due to Glu ? Arg mutation at residue 
11 of the B subunit of cholera toxin. Microbial 
Pathogenesis 1997; 23: 297-302.
52? Nomura F, Takashima H, Itoga S, Isobe K, 
Takekoshi K, Noda M, Nakai T. Serum NAD 
glycohydrolase activities in normal subjects and 
in patients with chronic liver diseases. Clinica 
Chimica Acta 1997: 264: 233-8.
53? Nomura F, Noda M, Miyake M, Nakai T. Long-
term alcohol intake enhances ADP-ribosylation of 
the multifunctional enzyme, phosphoglucomutase 
Moss J, Hirayama T. Essential domain of receptor 
tyrosine phosphatase beta ?RPTPbeta? for 
interaction with Helicobacter pylori vacuolating 
cytotoxin. J Biol Chem 2004; 279: 51013-21.
32? Paton AW, Srimanote P, Talbot UM, Wang H, 
Paton JC. A new family of potent AB5 cytotoxins 
produced by Shiga toxigenic Escherichia coli. J 
Exp Med 2004; 200: 35-46.
33? Shimizu S, Nomura F, Tomonaga T, Sunaga 
M, Noda M, Ebara M, Saisho H. Expression 
of poly ?ADP-ribose? polymerase in human 
hepatocellular carcinoma and analysis of biopsy 
specimens obtained under sonographic guidance. 
Oncol Rep 2004; 12: 821-5.
34? Shin HW, Morinaga N, Noda M, Nakayama K. 
BIG2, a guanine nucleotide exchange factor 
for ADP-ribosylation factors: its localization 
to recycling endosomes and implication in the 
endosome integrity. Mol Biol Cell 2004; 15: 5283-
94.
35? Morinaga N, Kaihou Y, Noda M. Purification, 
cloning and characterization of variant LukE-
LukD with strong leukocidal  act ivity of 
staphylococcal bi-component leukotoxin family. 
Microbiol Immunol 2003; 47: 81-90.
36? Saito T, Miyake M, Toba M, Okamatsu H, Shimizu 
S, Noda M. Inhibition by apple polyphenols of 
ADP-ribosyltransferase activity of cholera toxin 
and toxin-induced fluid accumulation in mice. 
Microbiol Immunol 2002; 46: 249-55.
37? Oi H, Matsuura D, Miyake M, Ueno M, Takai 
I, Yamamoto T, Kubo M, Moss J, Noda M. 
Identification in traditional herbal medications 
and confirmation by synthesis of factors that 
inhibit cholera toxin-induced fluid accumulation. 
Proc Natl Acad Sci USA 2002; 99: 3042-6.
38? Miyashita T, Shimamoto Y, Nishiya H, Koshibu 
Y, Sugiyama H, Ono Y, Satoh T, Haraoka H, 
Nakano J, Ohta K, Sato T, Morinaga N, Noda M. 
Destructive pulmonary embolism in a patient with 
community-acquired staphylococcal bacteremia. J 
Infect Chemother 2002; 8: 99-102.
39? Arii J, Tanabe Y, Miyake M, Mukai T, Matsuzaki 
M, Niinomi N, Watanabe H, Yokota Y, Khono Y, 
Noda M. Clinical and pathologic characteristics 
of nontyphoidal salmonella encephalopathy, 
Neurology 2002; 58: 1641-5.
40? Shiobara M, Miyazaki M, Ito H, Togawa A, 
Nakajima N, Nomura F, Morinaga N, Noda M. 
Enhanced polyadenosine diphosphate-ribosylation 
in cirrhotic liver and carcinoma tissues in patients 
with hepatocellular carcinoma. J Gastroenterol 
Hepatol 2001; 16: 338-44.
41? Nomura F, Yaguchi M, Itoga S, Noda M. Effects 
of chronic alcohol consumption on hepatic poly-
ADP-ribosylation in the rat. Alcohol Clin Exp Res 
2001; 25: 35S-38S.
93???????????????
67? Wang X, Noda M, Kato I. Stimulatory effect of 
staphylococcal leukocidin on phosphoinositide 
metabol ism in rabbit polymorphonuclear 
leukocytes. Infect Immun 1990; 58: 2745-9.
68? Takano S, Noda M, Kato I . Activation of 
phospholipase A2 in rabbit erythrocyte membranes 
by a novel hemolytic toxin ?H-toxin? of Clostridium 
septicum. FEMS Microbiol Lett 1990; 56: 319-22.
69? Noda M, Tsai SC, Adamik R, Moss J, Vaughan 
M. Mechanism of cholera toxin activation by a 
guanine nucleotide-dependent 19 kDa protein. 
Biochim Biophys Acta 1990; 1034: 195-9.
70? Bobak DA, Bliziotes MM, Noda M, Tsai SC, 
Adamik R, Moss J. Mechanism of activation 
of cholera toxin by ADP-ribosylation factor 
?ARF?: both low- and high-affinity interactions 
of ARF with guanine nucleotides promote toxin 
activation. Biochemistry 1990; 29: 855-61.
71? Hirayama T, Noda M, Ito H, Takeda Y. Stimulation 
of phosphorylation of rat brush-border membrane 
proteins by Escherichia coli heat-stable enterotoxin, 
cholera enterotoxin and cyclic nucleotides, 
and its inhibition by protein kinase inhibitors, 
isoquinolinesulfonamides. Microb Pathog 1990; 8: 
421-31.
72? Vaughan M, Tsai SC, Noda M, Adamik R, Moss 
J. Participation of a guanine nucleotide-binding 
protein cascade in cholera toxin activation of 
adenylate cyclase. J Mol Cell Cardiol 21 Suppl 
1989; 1: 97-102.
73? Noda M, Tsai SC, Adamik R, Bobak DA, Moss J, 
Vaughan M. Activation of immobilized, biotinylated 
choleragen AI protein by a 19-kilodalton guanine 
nucleotide-binding protein. Biochemistry 1989; 28: 
7936-40.
74? Noda M, Kunz BC, Tsai SC, Adamik R, Murtagh 
JJ, Chen HC, Halpern JL, Moss J. Isolation and 
immunological properties of adenosine kinase. 
Prep Biochem 1989; 19: 351-61.
75? Moss J, Bobak DA, Noda M, Price SR, Tsai SC et 
al. G proteins and signal transduction. Toxicologic 
Pathol 1989; 17; 818-9.
76? Tsai SC, Noda M, Adamik R, Chang?PP, 
Chen HC, Moss J, Vaughan M. Stimulation of 
choleragen enzymatic activities by GTP and two 
soluble proteins purified from bovine brain. J Biol 
Chem 1988; 263: 1768-72.
77? Endo Y, Tsurugi K, Yutsudo T, Takeda Y, 
Ogasawara T, Igarashi K. Site of action of a 
Vero toxin ?VT2? from Escherichia coli O157: 
H7 and of Shiga toxin on eukaryotic ribosomes. 
RNA N-glycosidase activity of the toxins. Eur. J. 
Biochem 1988; 171: 45-50.
78? Noda M, Kato I. Purification and crystallization 
of staphylococcal leukocidin. Methods Enzymol 
1988; 165: 22-32.
79? Tsai SC, Noda M, Adamik R, Moss J, Vaughan M. 
in rat liver. Hepatology 1996; 24: 1246-9.
54? Iwase H, Suzuki K, Kikuchi S, Morinaga N, 
Hasegawa S, Sato T, Noda M. Modulation of 
endogenous ADP-ribosylation in the kindling 
model of epilepsy. Jpn J Psychiatry Neurol 1994; 
48: 287-92.
55? Morinaga N, Kato I, Noda M. Differentiation of 
HL-60 cells is promoted by H-toxin of Clostridium 
septicum. FEBS Lett 1994; 351: 317-20.
56? Nishikawa T, Yoshida A, Omura M, Sasano H, 
Noda M. Cholera toxin can ADP- ribosylate 
Gs as wel l  as Gi in ACTH-unresponsive 
humanadrenocortical cancer. Endocrine J 1994; 
41: 593-7.
57? Iwasa H, Suzuki K, Kikuchi S, Morinaga N, 
Hasegawa S, Sato T, Noda M. Modulation of 
endogenous ADP-ribosylation in the kindling 
model of epilepsy. Jpn J Psychiatry Neurol 1994; 
48: 287-92.
58? Nomura F, Noda M. Stimulation of mono-ADP 
ribosylation in rat liver plasma membranes after 
long-term alcohol intake. Hepatology 1993; 18: 
870-3.
59? Morinaga N, Kato I, Noda M. Changes in the 
susceptibility of 12-O-tetradecanoylphorbol 13-acetate 
?TPA?-treated HL-60 cells to staphylococcal 
leukocidin. Microbiol Immunol 1993; 37: 537-41.
60? Nishiya H, Kunii O, Noda M. Priming effect of 
pseudomonal leukocidin on chemiluminescence 
response of rabbit polymorphonuclear leukocytes. 
Microbiol Immunol 1993; 37: 531-6.
61? Nishikawa T, Noda M, Tamura Y, Yoshida 
S, Kato I. Cholera toxin directly stimulates 
pregnenolone generation with increasing Ca2+ 
efflux in bovine adrenocortical mitochondria. J 
Steroid Biochem Mol Biol 1993; 46: 203-8.
62? Seki K, Hirai A, Noda M, Tamura Y, Kato I, 
Yoshida S. Epoxyeicosatrienoic acid stimulates 
ADP-ribosylation of a 52 kDa protein in rat liver 
cytosol. Biochem J 1992; 281: 185-90.
63? Morinaga N, Noda M, Kato I. Effect of Clostridi-
um septicum H-toxin on the ADP-ribosylation of 
38 kDa membrane protein of HL-60 cells. Recent 
Adv Toxinol Res 1992; 3: 401-8.
64? Morinaga N, Kato I, Noda M. Identification of 38 
kDa protein which is ADP-ribosylated in human 
promyelocytic leukemia cell membrane. Medicine 
and Biology 1992; 125: 259-63.
65? Noda M, Kato I, Wang X, Hirayama T. ADP-
ribosylation and activation of phosphatidylinositol-
specific phospholipase C by pseudomonal 
leukocidin. Antibiot Chemother 1991; 44: 59-62.
66? Tsuji T, Inoue T, Miyama A, Noda M. Glutamic 
acid-112 of the A subunit of heat-labile enterotoxin 
from enterotoxigenic Escherichia coli is important 
for ADP-ribosyltransferase activity. FEBS Lett 
1991; 291: 319-21.
94 ???????
84? Noda M, Kato I, Hirayama T, Matsuda F. Mode 
of action of staphylococcal leukocidin: effects 
of the S and F components on the activities 
of membrane-associated enzymes of rabbit 
polymorphonuclear leukocytes. Infect Immun 
1982; 35: 38-45.
85? Noda M, Kato I, Matsuda F, Hirayama T. 
Mode of action of staphylococcal leukocidin: 
relationship between binding of 125I-labeled 
S and F components of leukocidin to rabbit 
polymorphonuclear leukocytes and leukocidin 
activity. Infect Immun 1981; 34: 362-7.
86? Noda M, Kato I, Hirayama T, Matsuda F. Fixation 
and inactivation of staphylococcal leukocidin 
by phosphatidylcholine and ganglioside GM1 
in rabbit polymorphonuclear leukocytes. Infect 
Immun 1980; 29: 678-84.
87? Noda M, Hirayama T, Kato I, Matsuda F. 
Crystallization and properties of staphylococcal 
leukocidin. Biochim Biophys Acta 1980; 633: 33-44.
Enhancement of choleragen ADP-ribosyltransferase 
activities by guanyl nucleotides and a 19-kDa 
membrane protein. Proc Natl Acad Sci USA 1987; 
84: 5139-42.
80? Noda M, Yutsudo T, Nakabayashi N, Hirayama 
T, Takeda Y. Purification and some properties 
of Shiga-like toxin from Escherichia coli O157:H7 
that is immunologically identical to Shiga toxin. 
Microb Pathog 1987; 2: 339-49.
81? Noda M, Hirayama T, Matsuda F, Kato I. An 
early effect of the S component of staphylococcal 
leukocidin on methylation of phospholipid in 
various leukocytes. Infect Immun 1985; 50: 142-5.
82? Hirayama T, Noda M, Matsuda F, Nagamori 
M, Kato I. Binding of pseudomonal leukocidin 
to rabbit polymorphonuclear leukocytes. Infect 
Immun 1984; 46: 631-4.
83? Hirayama T, Kato I, Matsuda F, Noda M. 
Crystallization and some properties of leukocidin 
from Pseudomonas aeruginosa. Microbiol 
Immunol 1983; 27: 575-88.
